New field measurements of atmospheric OH radicals by laser long-path absorption spectroscopy are reported: In the Black Forest, diurnal profiles of OH radical concentrations ranging up to 8.7 x 10 6 cm -3 have been observed during June 1984. Simultaneous measurements of other trace gases, photolysis frequencies, and meteorologic parameters were also made to allow comparison of observed OH levels with model calculations.
In contrast to the well-developed theory, the state of its experimental verification is less than satisfactory. Although a number of atmospheric OH measurements have been published (for an overview, see Hiibler et al. [1984] ), most of those are explorative in nature, primarily aimed at demonstrating the performance of the OH detection technique. While it is clearly necessary to demonstrate that a given technique is sufficiently sensitive and specific, the ultimate goal in measuring atmospheric OH radical concentrations is to provide a test of the photochemical theory.
In order to allow comparison of measured OH concentration levels with theoretical predictions in a meaningful way, the air mass in which OH is measured must be chemically characterized.
Thus it is essential to measure a number of supporting parameters simultaneously with the OH concentration. As discussed in detail by Perrier et al. [1987] , those parameters include the solar UV flux, humidity, and the concentrations of a number of trace gases, such as 03, NO2, CH20, CO, and hydrocarbons. From the experimental side this requires a considerable effort in addition to the actual OH measurement.
Earlier field measurements by this laboratory [Perrier et al., 1987] for the first time obtained a sufficiently complete set of supporting data to allow comparison of measured OH concentrations with predictions of photochemical reaction models. Surprisingly, in most cases the calculated OH levels were higher than actually observed levels. This overestimation of OH by the model appeared to be more significant at low NO•c mixing ratios. Since the measurements were made at moderately to highly polluted sites (Deuselbach, Jtilich, in The experimental setup has been described earlier [Hiibler et al., 1984 ' Perrier et al., 1987 , thus only a general outline will be given in the following discussion. A laser system, consisting of a frequency-doubled dye laser synchroneously pumped by a mode-locked (246 MHz) Ar + laser, served as light source. The width of the frequency-doubled laser emission profile was =0.1 nm (full width at half maximum (FWHM))' the average UV output power ranged from 10 to 20 mW. The laser light beam was expanded to about 25-cm diameter, was passed through the free atmosphere, and was reflected back to the laser site' thus the total length of the light path was 8.6 km during all OH measurements. The received light was dispersed by a spectrograph installed next to the laser system, and a preselected portion (-•0.05 nm wide) of the spectrum around the OH lines was monitored through repetitive (6.6-kHz repetition rate) scanning and integration by a fast signal averager. The total integration time for a single measurement was of the order of 1 hour. Thus a final spectrum represented an average over some [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] 
The DOAS Experiment
Simultaneously with the OH measurements, the concentrations of NO2, 03, CH20, and SO2 were monitored by a second LPA spectrometer. These molecules were detected by their characteristic vibrational band structures, again using differential optical absorption spectroscopy (DOAS). The instrument and the data evaluation procedures are described in detail by Perner, [1983, 1984] . Although both instruments employ the same basic principle, the DOAS spectrometer is much simpler. First, the species measured by DOAS are roughly 10,000 times more abundant than OH, while their effective absorption cross sections are only some 3 orders of magnitude lower than that of OH. Thus stronger absorption features are usually obtained. Moreover, the much wider vibronic bands of the polyatomic molecules require a considerably lower spectral resolution (about 0.5 nm, compared to =0.003 nm for the OH spectrometer). As a consequence, not only can a smaller spectrometer (SPEX 1870, 0.5-m focal length) be used, but also a Xe-arc lamp is sufficient as light source. Two spectral regions (286-314 nm for SO2 and 321-349 nm, containing a series of bands from NO2, 03, and CH20) were alternatingly scanned for about 5 min and 15 min, respectively. The integration times were chosen to keep the photon statistics dominated amplitude noise in the spectra sufficiently low to allow determination of trace gas concentrations with less than 10% error. Thus a complete set of the four trace gas concentrations was measured every 20 min.
Hydrocarbon Measurements
Grab samples for hydrocarbon analysis were taken at the Schauinsland site (see Figure 2) . Because of the limited availability of sampling containers (21, stainless steel) samples could be drawn only once or twice a day. In the laboratory those samples were analyzed by gas chromatography ( Figure 2) , the measurements should be undisturbed by direct influence from the ground.
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RESULTS
The ultraviolet spectra showed definite OH absorption features yielding OH concentrations from <1.5 x 106 to 8.7
X 10 6 cm -3. Table 1 gives the results of all OH measurements, together with the supporting spectroscopic and HPLC trace gas observations, photolysis frequency, aerosol, and meteorological data. All data in Table 1 Table 2 . Also included are the CO and CH4 levels estimated from measured C2H 2 and the CO-C2H 2 and CH4-C2H 2 correlations, as described above. 
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DISCUSSION
The final purpose of the described measurements was to perform a test of the proposed photochemical reaction mechanisms related to sources, transformation pathways, and sinks of OH radicals in the atmosphere. The first step in any meaningful test of photochemical theory is the acquisi- increase of the inversion height, starting between 0800 and 0900 CET and continuing until mid-afternoon (---1500). Therefore during the morning hours, all measurements are likely to take place in the free atmosphere above the boundary layer. At or shortly after noon (1200-1300), the inversion height exceeds the level of the Schauinsland site (1220 m). From those data the rate of increase of the inversion height during mornings and mid-afternoons can be estimated at 200-300 m h -!. Thus for about 1 hour, the DOAS light path is partly above and partly below the inversion height. After 1300-1400 CET, the inversion height exceeds 1500 m, and all experiments are now probing the air within the boundary layer. The worst case vertical concentration gradients of the measured trace gases during the "critical time" when the DOAS light path intersects the inversion can be estimated from the changes in concentration between 1200 to 1400 CET. As can be seen from Table 1 , 03, SO2, NO2, and CH20 changed by less than a factor of 2 during that period. At times, when all measurements take place entirely above or below the inversion, vertical gradients can be expected to be 
Comparison With Results of Earlier
Campaigns
A detailed analysis of the present data set, in particular with respect to our present understanding of atmospheric photochemistry, will be the topic of a forthcoming publication. However, in order to allow easier interpretation of the experimental results, we shall discuss some aspects of the present data in the following. The atmospheric OH levels 
